Introduction
[2] The South Atlantic Bight (27.0 -35.0°N, Menzel et al. [1993] ) ( Figure 1 ) has a broad and gentle continental shelf, bounded by a ''smoothly'' curved coastline to the west and the Gulf Stream to the east. The maximum shelf width is off the coast of southern South Carolina and most of Georgia where there is a relatively uniform distribution of river discharge from about 10 rivers (Figure 1 ). Previous studies have determined that the fresher coastal water generally flows southward within the strong-tidal regime inner shelf (depth <20 m), which can be reversed by wind-driven flows [Blanton, 1981 [Blanton, , 1986 . The mid-shelf (depth $ 20 -40 m) water is influenced by a combination of tide (mainly M 2 , Pietrafesa et al. [1985] ) and wind Atkinson and Menzel, 1985] . A coastal frontal zone exists which acts as a barrier of direct offshore transport [Blanton, 1981 [Blanton, , 1986 Austin and Lentz, 2002] . In the outer shelf area, physical processes are largely affected by the northward flowing Gulf Stream [Kourafalou et al., 1984; Lorenzzetti et al., 1988] . Wavelike meanders and cold cyclonic frontal eddies are responsible for the low-frequency flow variability and water exchange . Lee at al.
[1991] described the characteristic mean circulation in the SAB with schematic diagrams, in which the water transport is mostly along the shelf. The cross-shelf transport is believed to be associated with the shear/baroclinic instabilities, episodic wind events (such as Ekman transport) and general mixing/diffusive processes [Blanton, 1981 [Blanton, , 1986 . Does this mean that there is no direct passage of coastal water from the coast to the outer shelf in the SAB? In this letter, we report a discovery of a well-defined, recurring, and advective (deterministic or non-diffusive) transport passage across the shelf within a narrow band with no apparent link to bathymetry.
Data
[3] The data used in this study include those from satellite remote sensing ocean color parameters and sea surface temperature (SST), and in situ measurements of meteorological parameters and water current velocity from an acoustic Doppler current profiler (ADCP). Satellite data was received from the Moderate Resolution Imaging Spectroradiometer (MODIS) aboard the satellite Terra, which was launched in Dec. 1999. MODIS/Terra acquires data in 36 spectral bands covering the whole earth in 1 -2 days. The derived products from these 36 bands include ocean color (36 parameters), SST (4 parameters), and ocean productivity (8 parameters).
[4] In this study, we use two parameters from the ocean color group (the Diffuse Attenuation Coefficient or K-490 and suspended solid concentration or SSC) and the recently validated 11 micrometer band SST. The K-490 is defined as the rate at which the natural log of spectral downwelling irradiance decays with depth. The SSC is a measure of suspended sediments and is used in the analysis of biooptical properties of coastal environments. The spatial resolution of the MODIS data used here is 1 km at nadir. The data were provided by the Goddard Earth Sciences Distributed Active Archive Center (GES DAAC) of NASA. Though SST can be obtained in both day and night, ocean color parameters are only observed during daylight.
[5] The in situ data were from two offshore towers (R2 and M2 in Figure 1 ), which are located in the mid-shelf with 26m and 34m water depths respectively. The data include wind speed and direction from the R2 tower, and the velocity profile from near the M2 tower.
The Water Passage Cross the SAB
[6] By scanning the available MODIS data and excluding images with significant affects from atmospheric moisture GEOPHYSICAL RESEARCH LETTERS, VOL. 30, NO. 5, 1257 , doi:10.1029 /2002GL016496, 2003 1 Skidaway Institute of Oceanography, Savannah, Georgia, USA. and clouds, we found a limited number of high quality data sets, which show some persistent features. These images cover a period from Dec. 21, 2001 to March 14, 2002 . For brevity, we will only discuss the images from two days: Dec. 21, 2001 and Feb. 17, 2002 . More images can be found on the first author's web page at: http://www.skio. peachnet.edu/faculty/chunyan/AbstractSeasonal.html. Figures 2 and 3 are typical examples of the MODIS K-490 and SST, respectively. The SSC has similar patterns as K-490 and is omitted in the figure. The coastal water (within a 10-20 km zone from the coast) is much ''dirtier'' and less transparent than elsewhere (Figures 2a and 2b ). This result is expected because shallow water in the SAB is constantly stirred by the strong tides [Redfield, 1958; Pietrafesa et al., 1985] and the multi-rivers along the coast provide suspended materials. What is unexpected is the remarkable extensive displacement of high K-490 and suspended solid materials across the entire continental shelf. In Dec. 2001, this cross shelf displacement originated from the coast of northern Florida stretching over more than 100 km between 29.5°and 31°N. The displaced coastal water narrowed rapidly across the shelf as it approached the Gulf Stream. The total length of the water passage was more than 150 km. There was no apparent mixing into the Gulf Stream (the Gulf Stream area identified by the high SST in Figure 3 is low in K-490 in Figure 2 ).
[7] In Feb. 2002, the cross shelf displacement of coastal water originated further north between 30.7 and 31.2°N. Instead of being oriented from southwest to northeast as in December 2001, it was from west to east. A slight change in course, as it flowed through the mid-shelf, is apparent from the slightly curved alignment (Figures 2b and 3b) (Figure 3a ) also showed a low SST band originating from the coast to the west but the location appeared to be slightly to the north of the high K-490 or SSC band (Figure 2a) . The close proximity of the front to the warm Gulf Stream may have caused a higher SST near the southeast boundary of the front.
Discussion
[8] The SST images are somewhat dependent on the color schemes used. Consequently, the position of the frontal boundary can appear to slightly vary in different color schemes. A more objective way to identify the boundaries is to calculate the SST gradient and use the positions of maximum gradient as an indicator of the boundary of the front caused by the cross shelf water passage. Figures 4a and 4b 2001 data, the SST gradient is larger at the southern boundary of the front than at the northern boundary, possibly a Coriolis effect or an effect of convergence due to northward momentum of the background shelf water.
[9] There are two possible mechanisms that cause the cross shelf transport suggested by the satellite images: (1) deterministic processes such as (1a) wind-driven transport and (1b) transport due to wind-induced setup at the Florida coast [Blanton, 1981] and (2) instabilities such as the baroclinic instability [Qiu et al., 1988] .
[10] The study of Qiu et al. [1988] demonstrated that the horizontal Ekman number (E h = A h f/(g 0 Q e ) 2/3 ) can be used to determine if a penetrating frontal process is caused by baroclinic instability. In the formula for the horizontal Ekman number, A h , f, g 0 , and Q e represent the horizontal eddy viscosity, Coriolis parameter, reduced gravity, and river discharge along unit length of the coastline, respectively. The reduced gravity is defined by g 0 = g dr/r (where r and dr are density and density difference, respectively). Historic data obtained from R/V Blue Fin demonstrates that the cross shelf density difference is about 8 kg/m 3 in winter and spring time and thus dr/r = 0.008. At latitude q = 32°N, the Coriolis parameter f is 2 sin(q) = 7.73 Á 10 À5 /s. Assume that the horizontal eddy viscosity A h = 10 7 cm 2 /s, and a river discharge (2.095 Á 10 9 cm 3 /s, Pomeroy et al. [1993] ) per unit length Q e = 2.095 Á 10 9 cm 3 /s/500 km = 41.9 cm 3 /s/cm, the horizontal Ekman number is 15.97, a value much larger than the critical E h (0.354 $ 0.566) for baroclinic instability [Qiu et al., 1988] . Even for a ten times smaller horizontal eddy viscosity (10 6 cm 2 /s) and a three times larger density difference (dr/r = 0.024, or equivalently three times larger river discharge, Q e = 125.7 cm 3 /s/cm, which are unrealistic numbers), the estimated E h would be 0.77, still too large for the instability. Figure 5 shows the accumulated water particle displacement on the surface obtained by integrating the velocity from a bottom mounted ADCP near the M2 tower which is north of the observed water passage (Figure 1) . A common feature was that when the water passage was observed, the mean flow at the M2 tower was always northward. By analyzing a set of 5 consecutive MODIS images separated by 12 hour intervals from Feb. 17 to 19, 2002 (Figure 6 ), a consistent mean northward displacement of the water passage was noticed. The mean northward velocity of the front in Feb. 2002 is estimated to be 30-38 cm/s. These findings support the idea that the phenomenon is mainly deterministic and not caused by instability of the flow.
[11] Wind data from the M2 tower did not appear to support the Ekman transport, particularly between Feb. 17 and 19, 2002 when the wind was downwelling favorable, yet the water passage appeared to have moved northward most of the time, suggesting that the northward momentum of the Gulf Stream and wind induced setup may play significant roles.
Summary
[12] The MODIS satellite data have shown that there is an unquestionable unidirectional (west to east) water transport passage across the continental shelf of the SAB off the coast of GA and northern FL. It appears to be a result of a deterministic or advective process. Neither diffusion nor baroclinic instability can explain the phenomenon. The passage occurred every month from Dec. 2001 to March 2002 although the exact location shifted over time. The orientation of the passage also changed between southwestnortheast and west-east. Further investigation is needed to define all the mechanisms involved in this phenomenon. A targeted ship survey is needed during similar conditions identifiable from satellite images and the study should provide valuable information about the land-ocean material transport. Modeling studies would also be useful in identifying the mechanisms behind this extensive cross shelf transport which appears to be related to the Gulf Stream.
